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ARRANGEMENT FOR BOUNDING JI'ITER IN A 
PRIORITY-BASED SWITCHING SYSTEM 

TECHNICAL FIELD 

This invention relates to communications systems. 

BACKGROUND OF THE INVENTION 

The term broadband covers a host of new products, 
technologies, services, and networks. One way to de?ne 
broadband networks is to categorize them as those net 
works that support services requiring bit rates well 
above one megabit per second. Business and residential 
subscribers will be connected to broadband networks 
via a common access, operating at 150 megabits per 
second or above, that can handle a range of different 
broadband service types. ATM (asynchronous transfer 
mode) has been chosen as the communication principle 
on which broadband networks will be based. A future 
broadband ISDN (integrated services digital network) 
will offer the ?exibility needed to handle diverse ser 
vices ranging from basic telephone service to high 
speed data transfer, videotelephony, and high quality 
television distribution. The key to this ?exibility is 
ATM which carries digital information in special cells. 
This allows the network to be used ef?ciently by appli 
cations and services with widely differing bandwidth 
requirements and call characteristics. 

Priority-based systems have been designed for 
switching ATM cells or performing other packet 
switching functions. In such systems, all cells (packets) 
for a given priority are transmitted to their destination 
before the ?rst cell of the next lower priority. Within a 
given priority, cells are transmitted on a ?rst come-?rst 
serve basis. All equal priority cells arriving at a given 
cell time are transmitted before the same priority cells 
arriving at the next cell time are started. This becomes 
the root cause of jitter because one high bandwidth call 
could have a cell arriving every other cell time; all of a 
sudden, ten or twenty cells from other calls and having 
the same priority as the one high bandwidth call arrive 
in one of the open cell times. All ten or twenty of these 
cells will be transmitted before the next cell of the high 
bandwidth call causing an absolute jitter of ten or 
twenty cell times. During this interval, cells for the high 
bandwidth call keep arriving every other cell time and 
are queued up. When the high bandwidth call does 
begin transmitting its cells again, they will be transmit 
ted every cell time, back-to-back, until the queue is 
empty. Not only is such jitter unacceptable in many 
applications, substantial resources are required for buff 
ering and receiver buildout delay. 

In addition to being important in constant bit rate 
applications, jitter is also an important parameter for 
statistical (bursty) traf?c. Variable bit rate video re 
quires very low delay, has very high bandwidth and 
relatively low burstiness. Variable bit rate voice also 
requires moderately low delay, has relatively low band 
width and low burstiness. Both of these applications 
must have relatively low jitter to guarantee that cells do 
not arrive “too late” and the buffer at the receiving end 
does not become empty. Even though this is statistical 
traf?c, it is jitter sensitive. 

Other applications, including ?le transfers and screen 
image dumps, do not typically require low delay. Such 
applications can have either low or high average band 
width; however, they are very bursty. Such applica 
tions could signi?cantly interrupt the delay sensitive 
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2 
applications resulting in excessive queuing delays and 
very large buffer buildouts on the receiving end. 

In view of the foregoing, a recognized need in the art 
exists for an arrangement usable in ATM or other 
packet switching systems which will bound jitter to an 
acceptable amount and which is applicable to both con 
stant bit rate and statistical traf?c. 

SOLUTION 

This need is met and a technical advance is achieved 
in accordance with the invention in an exemplary ar 

. rangement where a switching system receives parame 
ter(s) concerning the traf?c expected on a call from a 
?rst user to a second user, the system advantageously 
determines a priority for the call based on the expected 
traf?c parameter(s), and information is transmitted to 
the second user during the call based on the determined 
priority and with less than a maximum jitter. The prior 
ity is selected from a predefined priority table based on 
the expected traf?c parameters. Signi?cantly, the same 
priority table is usable for both constant bit rate and 
statistical calls. 
A method in accordance with the invention is usable 

in a switching system serving a number of users. The 
system receives one or more parameters concerning the 
traf?c expected on a call from a ?rst user to a second 
user. The system transmits information to the second 
user during the call based on the expected traf?c param 
eters and with a maximum jitter. 

In an illustrative method, when the call is a constant 
bit rate call, the expected traf?c parameters include a 
bandwidth parameter, BW, and the priority is deter 
mined based on BW. The priority is selected from a 
priority table having a number, P, of priority bands and 
having a maximum bandwidth, BWm-gh, and a minimum 
bandwidth, BWLOW, speci?ed for each band. The ratio 
BWHigh/BWLWis a constant. The priority is selected by 
determining the band that includes BW. The maximum 
jitter is a worst case relative jitter. The constant bit rate 
call is made up of ?xed length cells and the worst case 
relative jitter, in intercell arrival periods, is given by the 
constant ratio, BWHfgh/BWLQW- (The terms “relative 
jitter” and “intercell arrival period” are described later 
herein.) If the priority table is used for constant bit rate 
calls only, it may include one additional priority band 
below the P priority bands and P and BWHigh/BWLW 
satisfy a relationship [BwHigh/BwMw]P= BWIF/BW 
Min, where BWIF and BWM,I are the maximum and 
minimum bandwidths between each of the users and the 
switching system. 

In a further illustrative method, the priority table is 
used for both constant bit rate calls and statistical calls. 
When the call is a statistical call, the expected traf?c 
parameters include an average bandwidth parameter, 
BW,;,;, and a burstiness index, BI, and the priority is 
determined by determining the band in the priority table 
that includes the ratio BwAvg/BI- The statistical call is 
made up of ?xed length cells and the worst case relative 
jitter, in intercell arrival periods, is given by the product 
of BI and the constant ratio, BWHigh/BWLOW- P and 
BWHigh/BWLDW satisfy a relationship [BWHigh/B 
WMw]P=BW11-'*BIMax/BWM,',,, where BW 1F and 
BWM;n are the'maximum and minimum bandwidths and 
BIMU is the maximum burstiness between each of the 
users and the switching system. 
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In both illustrative methods, cells received from the 
?rst user during the call are dropped when the cells 
cause the expected traf?c parameters to be exceeded. 

DRAWING DESCRIPTION 

FIG. 1 is a diagram of an exemplary priority-based 
switching system which includes an arrangement for 
bounding jitter; 
FIG. 2 is a diagram of an input processing unit in 

cluded in the system of FIG. 1; 
FIG. 3 is a diagram of a prioritizing output queue 

included in the system of FIG. 1; 
FIG. 4 is a diagram of a call setup cell transmitted 

from users to the system of FIG. 1; and 
FIG. 5 is a diagram of a setup response cell transmit 

ted from the system of FIG. 1 to system users. 

DETAILED DESCRIPTION 

Switching System 100 
FIG. 1 is a diagram of an exemplary priority-based 

switching system 100 which includes an arrangement 
for bounding jitter in accordance with the present in 
vention. The switching function is performed within 
system 100 by ?lters 104-1 through 104-8 and prioritiz 
ing output queues 105-1 through 105-8. System 100 
serves seven users U1 through U7. Input processing 
units 101-1 through 101-8 process cells from users U1 
through U7 as well as cells from a controller 109 which 
controls the operation of system 100. The processing 
performed by processing units 101-1 through 101-8 is 
described further herein. Controller 109 communicates 
with users U1 through U7 by transmitting cells via path 
108 to processing unit 101-8 and on through system 100 
to the desired destination user. One of the functions of 
controller 109 is to determine a priority value for each 
virtual circuit set up between users based on parameters 
received from the users concerning the expected traffic. 
Such priority values are communicated from controller 
109 to processing units 101-1 through 101-8 via a path 
107 and are inserted in each cell of a virtual circuit for 
transmission within system 100. Cells from all of the 
input processing units 101-1 through 101-8 are distrib 
uted to each of the eight ?lters 104-1 through 104-8 via 
paths 102-1 through 102-8 of an interconnection ar 
rangement 103. Each of the ?lters 104-1 through 1048 
only transmits cells having a speci?c destination. For 
example, ?lter 104-1 only transmits cells having the user 
U1 as a destination. Since it is possible that as many as 
eight cells are received at the same cell time destined for 
U1, there are eight paths 111-1 through 111-8 between 
?lter 104-1 and queue 105-1. Filter 104-8 only transmits 
cells having controller 109 as a destination. There are 
eight paths 118-1 through 118-8 between ?lter 104-8 and 
queue 105-8. Queues 105-1 through 105-8 each transmit 
cells in priority order as described further herein. 

Cells are received from user U1 in format 290 shown 
in FIG. 2. Format 290(FIG. 2) includes an incoming 
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virtual circuit identi?er (V CI) or virtual path identi?er 
(V PI) followed by data. A VPI comprises several VCls. 
In ATM, cells are 53 bytes in length. Within input pro 
cessing unit 101-1(FIG. 2), a cell is received by a unit 
201, the VCI(VPI) is recovered and transmitted to va 
lidity checker 211, leaky bucket enforcer 212, cell 
counter 213, physical destination table 214, priority 
table 215 and new VCI(VPI) table 216. Validity 
checker 211 determines whether the VCI(V PI) is valid 
based on information received from controller 109 via 
path 107; if the VCI(VPI) is not valid, it causes a cell 
drop unit 202 to drop the cell. Leaky bucket enforcer 
212 receives expected traf?c parameters, for example, 
expected bandwidth and expected burstiness index, and 
when enforcer 212 determines that a cell of a given 
virtual circuit results in the parameters being exceeded, 
it causes cell drop unit 202 to drop the cell. A cell 
counter 213 simply counts cells in each virtual circuit, 
and reports such counts to controller 109. A physical 
destination table 214 receives information from control 
ler 109 de?ning the destination associated with each 
virtual circuit, and, based on the VCI(V PI), causes a 
destination information insertion unit 203 to insert the 
destination information in each cell. A priority table 215 
receives a priority value from controller 109, and based 
on the VCI(VPI), causes a priority information inser 
tion unit 204 to insert the priority information in each 
cell. A new VCI(VPI) table 216 receives a new 
VCI(V PI) value and causes a VCI(VPI) overwrite unit 
205 to overwrite the incoming VCI ?eld of the user cell 
format 290 with an outgoing VCI in the system cell 
format 291. Format 291 also includes a destination ?eld 
as well as a priority ?eld. 

Cells transmitted by input processing unit 101-1 
(FIG. 1) are distributed via path 102-1 of interconnec 
tion arrangement 103 to all of the ?lters 104-1 through 
104-8. Cells destined for user U1 are transmitted by 
?lter 104-1 via paths 111-1 through 111-8 to prioritizing 
output queue 105-1. Queue 105-1 (FIG. 3) includes a 
sort network 314 which can be constructed in the man 
ner described, for example, by Batcher in U.S. Pat. No. 
3,428,946 issued Feb. 18, 1969, or as described by 
Huang et al., in U.S. Pat. No. 4,516,238 issued May 7, 
1985. Sort network 314 sorts received cells in accor 
dance with the priority ?eld, and transmits the highest 
priority cell to user U1. The remaining cells are trans 
mitted via paths 313-1 through 313-R(R, being a large 
number, e.g., greater than 1000) to delay unit 315, 
which provides a one cell time delay, and transmits the 
delayed cells back to sort network 314 via paths 312-1 
through 312-R. By operation of sort network 314, older 
cells within a given priority are transmitted to user Ul 
before newer cells. 
The manner of operation of queue 105-1 can be better 

understood by considering the example of Table l with 
four active virtual circuits VCI1 through VCI4 having 
priorities 1 through 4, respectively. 

TABLE 1 

Bounded Jitter Example 
VCI l VCI 2 VCI 3 VCI 4 * = expected/ 
50% 33% 5% 2.5% Queue Length # : actual 

Bl = 2 B] = 3 Bl = 1 Bl = 1 Fri Pri Pri Pri Output Pri Pri Pri Pri 

Time Pri 1 Fri 2 Fri 3 Fri 4 l 2 3 4 Priority 1 2 3 O . . . 0 O 0 0 Idle 

1 l 3 4 l l l l l ‘l l“ ‘' 

2 l . . l 2 l l l l 
3 . 0 3 l l 2 "‘ 2 

4 O 2 l l 2 "“2 
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TABLE l-continued 

Mm 
VCI 1 VCI 2 VCI 3 VCI 4 ' = expected/ 
50% 33% 5% 2.5% Queue Length # = actual 
51:2 81:3 31:1 Bl=l Pri Pri Pri Prl Output Pri Pri Pri Pri 

Time Fri 1 Fri 2 Pri 3 Pri 4 1 2 3 4 Priority 1 2 3 4 

5 l l l l l l ‘l 
6 l . l l l l l l 
7 . . o 1 1 1 2 ' '2 

8 . . 0 0 1 1 3 3 
9 1 . 1 0 0 1 1 '1 
10 1 2 1 1 0 1 1 1 ~ 
11 . 2 0 2 0 1 2 ' 2 
12 . 2 0 2 0 1 2 2 
l3 1 . l l 0 l l 'l ' 
14 1 . 1 1 0 1 1 1 
15 . . 0 1 0 1 2 ' 2 

l6 . 1 0 0 0 1 4 ' 4 

17 1 . 1 0 0 0 1 '1 
1s 1 . 1 0 0 0 1 1 
19 . 2 0 1 o 0 2 ' '2 
20 2 . 0 1 0 0 2 2 
21 1 2 3 1 1 1 0 1 '1 ' 
22 l l l l 0 l l ' 
23 . 0 1 1 0 2 ' 2 
24 . 0 0 1 0 3 3 
25 1 . 1 0 0 0 1 '1 ' 
26 1 . 1 0 0 o 1 1 
27 . . 0 0 0 0 Idle ' 

2s 2 o 1 o 0 2 '2 
29 1 2 1 1 0 o 1 '1 
30 1 2 1 2 0 0 1 1 
31 . 0 2 0 0 2 ‘ '2 
32 . 0 1 0 0 2 2 
33 1 1 0 0 0 1 '1 
34 1 . 1 0 0 0 1 1 ' 
35 . 0 0 0 0 Idle ' 
36 . 0 o 0 0 Idle 
37 1 2 1 1 0 0 1 *1 * 
3s 1 2 1 2 0 0 1 1 
39 2 0 3 0 0 2 ' 2 
40 . . 0 2 0 0 2 '2 
41 1 3 4 1 1 1 1 1 '1 ' ' 
42 1 1 1 1 1 1 1 
43 0 1 1 1 2 ' '2 
44 . 0 0 1 1 3 3 
45 1 . 1 0 0 1 1 ‘1 
46 1 2 1 1 0 1 1 1 ' 
47 2 0 2 0 1 2 * 2 
4s 2 0 2 0 1 2 2 
49 1 1 1 0 1 1 '1 r 
50 1 1 1 0 1 1 1 
51 0 1 0 1 2 ' 2 
52 0 0 0 1 4 ' 4 
53 1 1 0 0 0 1 '1 
54 1 . 1 0 0 0 1 1 
55 2 0 1 o 0 2 ' '2 
56 2 0 1 0 0 2 2 
57 1 2 1 1 0 0 1 '1 
5s 1 1 1 o 0 1 1 ' 
59 0 1 0 0 2 ' 2 
6O 0 o 0 0 Idle 

Note that virtual circuits VCl, VC2, VC3, and VC4 
have occupancies of 50%, 33%, 5%, and 2.5%, respec 
tively, and the expected cell arrivals (assuming constant 55 1 cells, respectively, the output priority is 2, and the cell 
bit rate traffic) corresponding to those occupancies are 
shown by asterisks on the right in Table 1. Virtual cir 
cuits VCl, VC2, VC3, and VC4 have burstiness indices 
of 2, 3, l, 1, respectively (burstiness index is discussed 
later herein). Note that at cell time 1, cells are received 
in virtual circuits 1, 2, 3, and 4, priorities 1, 2, 3, and 4 
have 1 cell each, the output priority is l, and the cell 
transmitted is in virtual circuit VCl. At cell time 2, cells 
are received in virtual circuits 1 and 2, priorities 1, 2, 3, 
and 4 have 1, 2, l, and 1 cells, respectively, the output 
priority is again l, and the cell transmitted is again in 
virtual circuit VCl. At cell time 3, a cell is received in 
virtual circuit 2, priorities 1, 2, 3, and 4 have 0, 3, l, and 

65 

transmitted is in virtual circuit VC2. Note that all cells 
are transmitted within (2 times BI) expected intercell 
arrival periods from the expected arrival times. The 
maximum jitter in this example is (2 times BI) expected 
intercell arrival periods. 
An illustrative call setup cell received from a user, 

e.g., user U1, is shown in FIG. 4. The ?ve-byte header 
de?nes that VCI= l, which defines the cell as a signal 
ling cell. VCII is prede?ned as a valid VCI in checker 
211(FlG. 2), as having controller 109 as the destination 
in table 214, and having a new VCI in table 216 for 
insertion in the system cell format. That new VCI also 
serves as a source identi?er. At the beginning and end of 
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the 48-byte data portion of the call setup cell(FlG. 4) 
are ?elds enclosing the remaining data in an ATM adap 
tion layer protocol. The data includes a message type 
de?ned as call setup, and three parameters-the ex 
pected bandwitdth (seven bytes), the expected bursti 
ness (three bytes), and the requested destination tele 
phone number (eight bytes). The call setup cell is con 
veyed via interconnection arrangement 103, ?lter 104-8, 
and queue 105-8 to controller 109. Controller 109 uses 
the expected bandwidth and expected burstiness to 
assign a priority to the call by using a table of the type 
shown herein as Table 4. If the call is a constant bit rate 
(CBR) call (having B1 = l), the priority is determined by 
placing the expected bandwidth in one of the ranges of 
the table. If the call is statistical call (having BI > 1), the 
expected bandwidth is an average bandwidth, BWAVK, 
and the priority is determined by placing BwAyg/BI in 
one of the ranges of the table. Controller 109 also per 
forms a translation on the requested destination tele 
phone number to obtain a physical destination, e.g., user 
U5, and assigns a VCI for use by user U1 and a VCI for 
use by user US for the call. Controller 109 returns a 
setup response cell of the type shown in FIG. 5 via path 
108, processing unit 101-8, interconnection arrangement 
103, ?lter 104-1, and queue 105-1 to user U1. The setup 
response cell indicates whether the requested call has 
been approved, echoes the parameters, and de?nes the 
assigned VCI to be used subsequently by user U1 for the 
call. Controller 109 returns a similar setup response cell 
to user U5. Controller 109 transmits information via 
path 107 and input processing unit 101-1 to validity 
checker 211 (FIG. 2) de?ning the assigned VCI as 
valid, to enforcer 212 de?ning the bandwidth and bur 
stiness parameters for the assigned VCI, to table 214 
de?ning the physical destination associated with the 
assigned VCI, to table 215 de?ning the priority associ 
ated with the assigned VCI, and to table 216 de?ning 
the outgoing VCI to be used for incoming cells having 
the assigned VCI. If a return interconnection from user 
US to user U1 is also set up, controller 109 uses the 
bandwidth and burstiness parameters for the return path 
to calculate the priority for the return path. Controller 
109 transmits similar information via path 107 to pro 
cessing unit 101-5 (FIG. 1) to set up the return path. 

Bounding Cell Jitter Using Priority Levels 

The following description provides background in 
formation on the number of delay priority levels re 
quired for an exemplary ATM fabric. It discusses the 
phenomenon of cell jitter for CBR (constant bit rate) 
traf?c and shows how this maximum cell jitter can be 
bounded by allocating a priority level to a range of 
frequencies. Based on these results, the number of prior 
ity levels required for CBR traf?c is determined. Statis 
tical traffic can also be characterized by jitter. Even 
though statistical VCs (virtual circuits) can tolerate a 
higher amount of jitter, this jitter must still be absolutely 
bounded for many statistical applications to function 
correctly. Statistical traffic can also be divided into 
priority levels. A uni?ed priority arrangement is de 
scribed which overlaps the CBR and statistical priori 
ties such that both CBR and statistical VCs exist in the 
same priority spectrum. The total number of priority 
levels required for this combined CBR and statistical 
traffic is determined to maintain reasonable upper 
bounds on cell jitter. 
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Cell Jitter for CBR Traffic 

A CBR channel at a given frequency expects a cell to 
arrive periodically with a given inter-cell spacing. As an 
example, on a 2.488 Gb/s interface, a 100 Mb/s video 
call is set up. This call expects to receive a cell every 25 
cell times. This 25 cell period is de?ned as the expected 
intercell arrival period. Due to contention and queuing 
in the ATM (asynchronous transfer mode) fabric, the 
cell may not be output exactly when it is expected. 
“Absolute Jitter” is de?ned as the amount that the ac 
tual cell arrival time differs from the expected cell ar 

- rival time. 

A low bandwidth virtual channel with an expected 
interarrival time of 2000-3000 cell times would not be 
signi?cantly affected by an absolute jitter of 300-500 
cells, whereas a 300-500 cell absolute jitter would be 
devastating to a high bandwidth virtual channel that 
expected a cell every 2-3 cell times. A more representa 
tive term is the “Relative Jitter”. Relative Jitter is de 
?ned as follows: 

Worst Case Absolute Jitter 
Expected lntercell Arrival Period Relative Jitter = 

This worst case relative jitter represents the maximum 
difference in earliest arrival to latest arrival that can be 
expected, compared to the expected intercell arrival 
time. A Relative Jitter of l to 2 expected intercell ar 
rival times would be very good. A relative jitter of 
many intercell arrival periods would be very poor, and 
would require signi?cant buffering at the receiver to 
insure that the playback data does not run out. 
Many CBR services such as audio or video expect the 

next cell to arrive at the expected time so they can begin 
displaying the information. A “just-in-time” cell arrival» 
would minimize the overall delay through the switch. 
However, because of cell jitter, just-in-time cell arrivals 
cannot be guaranteed, and the application is forced to 
queue up several cells on the receiving end to insure 
that the playback of information does not run out of 
data while waiting for the next ATM cell to arrive. To 
the extent that overall jitter in the switch can be re 
duced, this will also reduce the amount of buffering and 
receiver buildout delay required for CBR services. 

In a priority based fabric, all cells for a given priority 
will be output before the ?rst cell of the next lower 
priority. Within a given priority, cells are output on a 
?rst come-?rst serve basis. That is, all equal priority 
cells arriving at a given cell time will be transmitted 
before the same priority cells arriving at the next cell 
time are started. This becomes the root cause of jitter 
because one VC could have a cell arriving every other 
cell time; all of a sudden, ten or twenty cells having the 
same priority as the one VC but from different VCs 
arrive in one of the open cell times. All ten or twenty of 
these cells will be transmitted before the next cell of the 
high bandwidth VC, causing an absolute jitter of ten or 
twenty cell times. During this interval, cells for the high 
bandwidth VC keep arriving every other cell time and 
are queued up. When the high bandwidth VC does 
begin transmitting its cells again, they will be transmit 
ted every cell time, back-to-back, until the queue empty. 

Calculation of Possible Cell Jitter 

An upper bound for the worst case absolute and rela 
tive jitter can be determined by a simple technique. Cne 
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determines the highest bandwidth channel and the low 
est bandwidth channel that are allowed within a given 
priority band. For this technique, the highest BW VC 
has an upper limit of i of the total interface rate. This 
value will generate the worst case jitter. One computes 
the expected intercell arrival period for this highest 
bandwidth channel. One then computes N, the maxi 
mum number of the low bandwidth channels that can be 
active on the interface, along with the one highest band 
width channel. This is given by the following formula: 

L B Winter/‘ace _ B WHighert Allowed 
B Wum Allowed 

The worst case jitter would occur when a cell from all 
N low bandwidth sources arrived just before a cell from 
the 1 high bandwidth source. The cell from the high 
bandwidth VC would have waited its average intercell 
arrival period, and then just before it was output, N 
cells from the low bandwidth VCs must be output be 
fore the next cell from the high bandwidth VC. The 
actual interarrival interval between cells from the high 
bandwidth VC is the expected interarrival period+N 
cells. The Absolute Jitter is this actual interarrival inter 
val minus the expected interarrival interval, which is 
always just equal to N cell times. Relative Jitter is then 
the Absolute Jitter divided by the expected interarrival 
interval. 

Consider the following example. A 150 Mb/s inter 
face has only a single priority level and has no limit on 
how small a VG bandwidth can be. For this technique, 
the highest bandwidth VC is limited to i of the interface 
rate or 75 MB/s. This gives an expected intercell arrival 
time of 2 cells. (i.e. a cell should arrive every other cell 
time.) Now since there is no limit on the smallest VC 
bandwidth, assume that this bandwidth is 1/ do bits/sec. 
(i.e. very, very small). The number of these low band 
width sources that can be supported on the remaining 
75 Mb/s is therefore co. The worst case jitter would 
occur when a cell from all co VCs was received just 
before the cell from the high bandwidth VC resulting in 
an Absolute Jitter equal to N or 00 celltimes. The Rela 
tive Jitter is this co divided by 2 which is still 00. This 
unrealistic example is included merely to show that a 
single priority system with no lower bound on the VC 
bandwidth will generate up to an no amount of relative 
jitter. Clearly this is to be avoided. 

Consider a more realistic example, still with a single 
priority system, but now a minimum VC bandwidth of 
64 Kb/s is set. The maximum bandwidth VC allowed is 
75 Mb/s with an intercell arrival interval of 2 cells. The 
number of low bandwidth sources is N=(l50 Mb-75 
Mb)/64 Kb=ll7l. The absolute jitter is N=1l71 cell 
times. The relative jitter is ll7l/2=585 interarrival 
times. Again, a jitter this large is to be clearly avoided. 

Consider an example with multiple priorities and 
having a very restricted band. The highest BW allowed 
in a given priority band is 10 Mb/s and the lowest BW 
allowed in that same priority band is 5 Mb/s. The ex 
pected intercell arrival time is 15 cell times for the high 
est BW channel. The number of low BW channels that 
can be supported is N=(l50 Mb-lO Mb)/5 Mb=28. 

15 

25 

35 

45 

50 

55 

65 

10 
The worst case absolute jitter is N=28 cell times. The 
relative jitter is 28/15 or less than 2 interarrival inter 
vals. This represents a very well bounded jitter speci? 
cation. 

All that is necessary to calculate the relative jitter is 
the ratio between the highest BW channel within the 
priority band and the lowest priority channel within the 
priority band. If the actual bandwidth distribution 
among the priority levels results in different ratios, then 
the largest ratio should be used. In the previous exam 
ple, the highest BW to lowest BW ratio is 10 MB/S 
MB=2.0, and for a bandwidth ratio of 2 the maximum 
absolute jitter will be less than 2.0 interarrival times. 
The previous calculation resulted in a relative jitter of 
28/15, which is within this range. Table 2 lists the maxi 
mum relative jitter for various ratios of highest band 
width to lowest bandwidth. 

TABLE 2 

Upper Bound of Relative Jitter for 

MQQIAWJAL 
Largest 

BwHigh . 

BWLW Ratio Worst Case Relative Jitter 

1.0 § 1.0 Interarrival Interval 
1.25 51.25 interarrival Intervals 
1.5 éLS Interarrival Intervals 
1.75 §l.75 interarrival Intervals 
2 22.0 Interarrival Intervals 
3 23.0 Interan'ival Intervals 
4 §4.0 interarrival Intervals 
5 §5.0 Inter-arrival Intervals 
l0 §10 Interarrival Intervals 
20 é20 Interarrival Intervals 
50 §50 Inter-arrival Intervals 
100 5 I00 Interarrival Intervals 
200 §200 Interarrival Intervals 
500 2500 Interarrival Intervals 
1000 § 1000 Interarrival Intervals 
2000 §2000 Interarrival Intervals 
5000 é5000 interarrival Intervals 

Number of Priority Levels Required for CBR Traffic 

The number of priority levels is determined solely by 
the bandwidth of the interface, BWIF, the minimum 
bandwidth allowed on the interface, BWMM, and the 
extent that jitter on the switch is to be bounded. The 
ratio BWIF/BWMD, gives the total bandwidth range that 
must be covered by the various priority bands. As 
shown earlier, the ratio BWHigh/BWLW gives the band 
width range that is covered within one priority band. 
Since this is a geometric relationship, the number of 
priorities, P, required can be determined by the simple 
relationship: 

( JP 
Given the maximum and minimum bandwidths sup 
ported on the link, and the number of priority bands for 
CBR traffic, the ratio of BWHigh/BWLQW can be com 
puted for a given priority band. Given this ratio, the 
upper bound for the jitter on the switch is also known. 
This is shown in Table 3. 

B WHigh 
B WL“. 

B WIF 
_ B WMin 
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TABLE 3 
Number of Priorities for CBR and Resulting Jitter 

BwHigh . 

Number of BWLOW Kano 

3W1; BWMi” CBR Priorities within 1 Band Worst Case Relative Jitter 

2.488 Gb 9.6 Kb 1 260,000 (260,0001nterarrival Periods 
2 509 2 5091nterarrival Periods 
3 63.75 263.75 interarrival Periods 
4 22.5 222.51nterarrival Periods 
6 8.0 2 8.0 lnterarrival Periods 
8 4.75 24.75 interarrival Periods 
12 2.82 22.821nterarrival Periods 
16 2.17 22.171nterarrival Periods 
24 1.68 21.68Interarrival Periods 
32 1.47 21.471nterarrival Periods 
48 1.30 21.30Interarriva1 Periods 
64 1.21 21.21Interarrival Periods 

In addition to the number of priorities listed in Table 3, 
one additional priority should be allocated for all CBR 
traf?c below the minimum supported bandwidth. No 
relative jitter speci?cation can be guaranteed for this 
lowest priority, as it could potentially approach in?nity. 

It should be a goal of the ATM switch to bound 
relative jitter to the smallest possible amount. A practi 
cal limit would be to bound the maximum relative jitter 
to within 2 expected interarrival periods. In this fashion, 
all CBR applications would only have to use a build out 
delay at the receiving end of 2 additional cells. Any 
additional delay is critical, especially in 64 Kb/s or 
lower voice traffic. This may be a good requirement for 
the maximum cell jitter allowed. Given this requirement 
for an exemplary 2,488 Gb/s switch, the recommended 
number of priorities for CBR traf?c would be between 
20 and 24 priority levels. If 20 priority levels were used, 
this would include the additional priority level for all 
CBR traf?c below the lowest BW, for which no jitter 
speci?cation can be guaranteed. 
A practical scale for grouping bandwidths into prior 

ity bands to guarantee relative jitter within 2 expected 
interarrival periods is to set the BWHigh/BWLOW ratio 
for each priority band exactly equal to 2.0. In this fash 
ion, it is very easy to compute the priority bands as 
shown in Table 4. 

TABLE 4 

. . . BwHigh 

Proposed Priority Bands for CBR Traf?c with ——-——Bw£0w = 2.0 

Bandwidth Range 
Priority Band BWLW awmgi, 

l >124-4 Mb/s 22488 Mb/s 
2 >622 Mb/s 21244 Mb/s 
3 >311 Mb/s 2622 Mb/s 
4 >l55.52 Mb/s 2311.04 Mb/s 
5 >77.76 Mb/s 2155.52 Mb/s 
6 >38.88 Mb/s 277.76 Mb/s 
7 >l9.44 Mb/s 238.88 Mb/s 
8 >9.72 Mb/s 219.44 Mb/s 
9 >486 Mb/s 29.72 Mb/s 
10 >243 Mb/s 24.86 Mb/s 
11 >1.215 Mb/s 22.43 Mb/s 
12 >607.5 Kb/s 21215 Kb/s 
l3 >303.8 Kb/s 2607.5 Kb/s 
14 >151.9 Kb/s 2303.8 Kb/s 
15 >75.94 Kb/s 2151.9 Kb/s 
16 >379 Kb/s 275.94 Kb/s 
17 >l8.98 Kb/s 237.97 Kb/s 
18 >9.492 Kb/s 218.98 Kb/s 
19 >4.746 Kb/s 29.492 Kb/s 
20 >0 1' 24.746 Kb/s 

t Note: No Jitter Spec can be guaranteed for the lowest BW range. 
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Priority Bands for Statistical Traffic 

Relative Jitter is also an important parameter for 
statistical traf?c. In statistical traf?c, there are some 
applications that require very low delay such as vari 
able bit rate video. This application has very high band 
width and relatively low burstiness (31:2 to 5). Vari' 
able bit rate voice also requires moderately low delay. 
VBR voice has relatively low bandwidth (8-32 Kb/s) 
and low burstiness (BI=2 to 5). These must hold a 
relatively tight relative jitter speci?cation, to guarantee 
that cells do not arrive “too late” and the delay buildout 
buffer on the receiving end does not become empty. 
Even though this is statistical traf?c, it is jitter sensitive. 
Other applications, including ?le transfers and screen 

image dumps, usually do not require low delay. These 
applications can be either low or high average band 
width, however they tend to be very, very bursty 
(B1=1000’s). If multiple priorities did not exist within 
statistical traf?c, these very bursty applications would 
signi?cantly interrupt the delay sensitive applications 
resulting in excessive queuing delays and very large 
buffer buildouts on the receiving end to compensate for 
the delay variations. 
The general priority philosophy within statistical 

traf?c is based on both bandwidth and burstiness of the 
VC. Just as in CBR traffic, to minimize jitter effects, 
higher priority is given to the higher BW VCs and 
lower priority is given to the lower BW VCs. However, 
concerning burstiness, higher priority is given to the 
low burstiness VCs and lower priority is given to the 
high burstiness VCs. 

TABLE 5 
Priority Philosophy for Statistical Traffic 

Low Burstiness High Burstiness 

High Highest Priority Medium Priority 
BW (V BR Video) 
Low Medium Priority Lowest Priority 
BW (V BR Voice) (File Transfers) 

High speed and low burstiness applications such as 
VBR Video receive the highest statistical priority. Me 
dium priority goes to low bandwidth, low burstiness 
VCs such as VBR voice. Medium priority also goes to 
high bandwidth, high burstiness VCs. Because of their 
high average bandwidth, there cannot be many of the 
VCs simultaneously, therefore their contribution to the 
total queuing delays are less. Finally lowest priority 
goes to low bandwidth high burstiness VCs, such as 
occasional megabyte ?le transfers, that are not delay 
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sensitive. Not only do they have large burst lengths, 
their average bandwidth is low. Therefore many of 
these VCs could be simultaneously equipped on a given 
interface. The resulting collision of many of these high 
bursty VCs creates very, very large queuing delays. 
The important ratio to use when allocating a priority 

to a statistical VC is the BwAyg/BI ratio. Large BWavg. 
/BI ratio VCs will receive the highest priority. Very‘ 
small BwAyg/BI ratio Vcs will receive the lowest prior 
ity. BwAyg represents the long term average bandwidth. 
Over a shorter interval, these statistical VCs may oper 
ate at a much higher peak bandwidth, but that is not 
important. The long term average bandwidth is the 
critical factor used in setting up the call and determin 
ing jitter bounds. 

Intermixing CBR and Statistical Traffic-Uni?ed 
Priority Spectrum 

Consider the following example where one variable 
bit rate (VBR) video channel operates at an average 
BW of 30 Mb/s. However, it is slightly bursty; assume 
that BI=5. Its expected intercell arrival period (if the 
average BW were evenly spaced on a 2.488 Gb/s inter 
face) is 83 cell times. If it were CBR traffic we would 
want to hold its Relative Jitter to less than 2 intercell 
arrival periods. However, since it is bursty traffic any 
way, the receiver is designed to have a buildout buffer 
that can accommodate a larger relative jitter. It cannot, 
however, tolerate a very large relative jitter, otherwise, 
the delay buildout buffer would be very large, and the 
overall delay would grow to unacceptable levels for 
real-time voice/video applications. Assume that this 
application can tolerate a relative jitter of up to 5-l0 
interarrival periods. This turns out to be a reasonable 
number since the source has B1: 5. Because it is bursty, 
it is expected to tolerate somewhat more jitter. 

Since this is a statistical VC, if the highest priority 
were allocated just below the CBR traffic, an interest 
ing phenomenon could result. The 4.7 Kb/s to 9.5 Kb/s 
CBR band would have higher priority than this 30 
MB/s, BI=5 traf?c. One can compute the worst case 
jitter by allocating the rest of the 2.488 Gb/s interface 
(2.458 Gb/s remaining) to the lowest BW CBR call in 
that priority level (4.7 Kb/s). This means that poten 
tially 522,978 CBR VCs at 4.7 Kb/s can exist simulta 
neously with the 30 Mb/s VBR video channel. The 
worst case absolute jitter would be 522,978 cell times. 
The worst case relative jitter 
522,978/83:6300 intercell arrival periods. Even 
though this is a statistical VC, there is no way that the 
VBR video application can handle a relative jitter in 
this range. 

Certain statistical VCs must have higher priority than 
some CBR VCs. In other words, the CBR and statistical 
priorities must be intermixed. CBR traffic should not 
automatically have higher priority than statistical traf 
?c. 

If we intermix CBR traffic and statistical traffic on 
the same priority scale, two important constraints must 
be observed: 

1. The relative jitter for any CBR VC must still be 
able to be kept to §2 intercell arrival periods. 

2. The relative jitter for any statistical VC must be 
kept to within a reasonable number of intercell 
arrival periods. This number should be bounded to 
a ?nite value, so that customer application equip 
ment can be built accordingly. 
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Low burstiness VCs, such as VBR video and VBR 
voice must be bounded to within a very low number of . 
intercell arrival periods. Higher burstiness VCs, such as 
file transfers, can be bounded to a much higher number 
of intercell arrival periods. A relative jitter bound is still 
important for these VCs, because it defines the amount 
of memory that is required on the receiving side to 
receive a ?le. 

It is proposed here that a reasonable bound for rela 
tive jitter that appears to meet all statistical applications 
is to set the maximum bound on the relative jitter to be 
proportional to the bursitness index of the traffic. The 
specific method outlined below with BWmgh/B 
WLW=2.0 in each priority band will limit the relative 
jitter to 2" Bl for a statistical VC with a given Burstiness 
Index, although tighter bounds can be obtained by in 
creasing the number of priority levels. A CBR VC 
(B1: 1.0) would have its relative jitter bounded to 
within 2 intercell arrival times. A low bursty statistical 
VC (BI=2 to 5) would have its relative jitter bounded 
to within 4 to 10 intercell arrival times respectively. 
This will then work for VBR video or VBR voice traf 
fic. A more bursty VC (V C=50) would have its rela 
tive jitter bounded to within 100 intercell arrival times. 
Finally a highly bursty VC (BI: 1000) would have its 
relative jitter bounded to within 2000 intercell arrival 
times. 

In this fashion, the average BW and the burstiness 
will be specified for an application. The switch will 
police the input to guarantee that these values are not 
exceeded. The application will automatically know the 
maximum buildout buffer that it must allow on its re 
ceiver to guarantee that it will not run out of cells. CBR 
is now just a special case of statistical traffic, with 
BI = 1.0. 
The following scheme is usable for sharing the same 

priority levels between CBR and statistical traffic: 
1. When a CBR call is set up, its BW is added to the 

total of BW of all VCs on the interface. This total 
BW of all VCs on the interface cannot be overal 
located. 

. When a statistical call is set up, its long term Aver 
age BW is added to the total of BW of all VCs on 
the interface. This total BW of all VCs on the inter 
face cannot be overallocated. 

3. When a CBR call is set up, it is given the priority 
level corresponding to its bandwidth. Higher BW 
calls receive higher priority. Lower BW calls re 
ceive lower priority. 

. When a statistical call is set up, it is given the prior 
ity level corresponding to its BwAvg/BI factor. A 
statistical VC will be allocated the same priority as 
a CBR call of l/BI times its bandwidth. 

5. If BwHfgh/BWLaw=2.0 in each priority band, a 
CBR call will have its relative jitter bounded to 
within 2 intercell arrival periods. 

6. On this same priority scale, a statistical call will 
have its relative jitter bounded to within 2‘BI in 
tercell arrival periods. 

Uni?ed Priority Spectrum—-Examples 
Certain CBR traffic will have lower priority than 

some statistical calls. With the above scheme, it is still 
possible to guarantee a relative jitter of less than 2 inter 
cell arrival times for these CBR VCs, even though there 
is statistical tra'f?c with higher priority above it. 
An example is in order. Consider one 64 Kb/s voice 

call. It is a CBR call with an expected intercell arrival 
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time on the 2.488 Gb/s interface of 38875 cells. A rela 
tive jitter of 2 intercell arrival times must be maintained. 
Consider a large number (248) of bursty LANs with an 
average BW of 10 MB/s. (Note that the peak BWs will 
be higher.) Assume each LAN has a maximum bursti 
ness of BI=100. The 248 I0 MB/s (average BW) and 
the single 64 Kb/s CBR voice call will all ?t on the 
same 2,488 Gb/s interface (99.7% occupancy). Each 10 
Mb/s LAN VC is allocated a priority corresponding to 

10 Mb/s {average} 
51 = 100 

or 100 Kb/s. Based on Table 4 this receives priority 15. 
The 64 Kb/s CBR call receives priority 16. Note that all 
of the highly bursty LAN VCs receive a higher priority 
than the signle 64 Kb/s voice call. 
The CBR voice call still maintains its relative jitter to 

within 2 intercell arrival periods. The worst case exam 
ple is if right before a cell for the 64 Kb/s VC was 
received, all 248 LANs received a burst of 100 cells 
before the next cell for the 64 Kb VC arrived. To make 
matters worse, since they are 10 Mb/s average chan 

10 

nels, each channel should have received an average of 25 
156 cells (worst case is 2 bursts of 100 cells) between 
consecutive cells for the 64 Kb/s call. They could not 
have received more than this because the input policing 
would have limited the VCs to a Bl=l00, and worst 
case two bursts within this time period. Since all of the 
LAN cells are a higher priority than the 64 KB/s VC, 
they will be output ?rst, resulting in a worst case abso 
lute jitter of 248‘2‘l0O=49600 cell times. The relative 
jitter is only 49600/38875=l.276 interarrival periods. 
The upper bound for relative jitter for CBR traf?c has 
been maintained within 2 intercell arrival periods even 
though there is signi?cant statistical traf?c with a 
higher priority. 
A second example is in order to illustrate that the 

relative jitter for statistical calls can be maintained to 
2'BI intercell arrival times. Assume l VBR video call at 
3 Mb/s average bandwidth with a Bl=5. This has an 
expected intercell arrival period (assuming evenly 
spaced cells) of 829 cell times on a 2.488 Gb/s interface. 
This is allocated a priority corresponding to 

BWM = 3 Mb/s 
-—-————B1 = 5 = 600 Kb/s. 

From Table 4, this results in a priority value of 13. 600 
Kb/s is close to the highest BW allowed in this priority 
level. To compute the worst case jitter, assume that the 
remaining bandwidth (2.488 Gb/s-3 Mb/s=2.485 
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Gb/s) is made up of calls with the lowest BW allowed 
in this same priority class (303.75 Kb/s). This results in 
N=8182 VCs at 303.75 Kb/s. If all 8182 VCs arrived 
just before the cells of the 3 Mb/s VBR call, the worst 
case absolute jitter would be 8182 cell times. The rela 
tive jitter is 8182/829:9.87 intercell arrival periods. 
This is within the upper bound of 10 intercell arrival 
periods that was expected for a BI = 5 VC. In this exam 
ple, the receiver for the VBR video call can implement 
a minimal buildout buffer of 9 cells and guarantee that 
jitter will always fall within this amount. The buildout 
buffer will never become empty, and it will impose the 
minimum excess delay on the video call. 

Number of Uni?ed Priority Levels for CBR and 
Statistical Traf?c 

The total number of priority levels required for the 
fabric is determined solely by the following four crite 
na: 

1. The bandwidth of the Interface, BwjF. 
2. The minimum bandwidth allowed on the interface, 
BwMin 

3. The maximum burstiness allowed for a VC, Him”. 
4. The extent that jitter is to be bounded on the 

switch. 
The factors are the same that were required for deter 
mining the CBR priority levels, with the addition of 
HIM“. The total Bandwidth-Burstiness range that must 
be covered by the various priority bands is given by the 
ratio 

3 WIF - BIMax 

B WMin . 

As shown earlier, the ratio BWHfgh/BWLOW gives the 
bandwidth range that is covered within one priority 
band. Since this is a geometric relationship, the number 
of priorities, P, required can be determined by the sim 
ple relationship: 

( 
If the ratio BW High/Bw 1W is chosen to be exactly equal 
2.0, then the 20 bandwidth ranges given in Table 4 for 
CBR traf?c are used. However, Table 4 is modi?ed by 
adding additional priorities to handle bursty traf?c. 
This increases the low end of the priority scale, as the 
burstiness increases for low bandwidth VCs. Table 6‘ 
recreates Table 4, but extends it to handle various bur~ 
stiness factors. 

B WHigh 
B WLOW 

B WIF ' B1 Max 

B WMfn 

TABLE 6 

Proposed Uni?ed Priority Spectrum Bands with 

Bandwidth Range BI = l 

BwHigh 

Assigned Priority Level 

BW1W BWHigh (CBR) El 2 2 B1 2 4 B1 2 8 Bl 2 16 BI 2 64 B1 2 256 B1 2 1024 Bi 2 e030 

>l.244 Gb/s 22.488 Gb/s l 2 3 4 5 7 9 ll l3 
>622 Mb/s 21.244 Gb/s 2 3 4 5 6 8 l0 l2 l4 
>311 Mb/s 2622 Mb/s 3 4 5 6 7 9 ll l3 l5 

>l55.52 Mb/s 2311.04 Mb/s 4 5 6 7 8 l0 l2 l4 l6 
>77.76 Mb/s 2155.52 Mb/s 5 6 7 8 9 ll l3 l5 l7 
>38.88 Mb/s 277.76 Mb/s 6 7 8 9 l0 l2 l4 l6 l8 
>l9.44 Mb/s 238.88 Mb/s 7 8 9 10 ll l3 l5 I7 19 
>9.72 Mb/s 219.44 Mb/s 8 9 10 ll l2 l4 l6 18 20 
>486 Mb/s 29.72 Mb/s 9 10 ll l2 l3 l5 l7 l9 2] 
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TABLE 6-continued 

Proposed Uni?ed Priority Spectrum Bands with m- = 2.0 

Assigned Priority Level 

Bandwidth Range B1 = l 

Bwhn, Bwgigh (CBR) B1 2 2 Bl § 4 B1 .2 8 B1 .5. 16 B1 .5. 64 BI § 256 B1 § 1024 Bl § 4096 

>243 Mb/s £4.86 Mb/s 10 ll 12 l3 l4 l6 18 20 22 
>1.215 Mb/s §2.43 Mb/s 11 12 13 14 15 17 19 21 23 
>607.5 Kb/s élZlS Kb/s 12 13 14 15 16 18 20 22 24 
>303.s Kb/s §607.5 Kb/s 13 14 15 16 17 19 21 23 25 
>15l.9 Kb/s £3032 Kb/s 14 15 16 17 18 20 22 24 26 
>75.94 Kb/s § 151.9 Kb/s 15 16 17 18 19 21 23 25 27 
>37.97 Kb/s §75.94 Kb/s 16 17 l8 19 20 22 24 26 28 
>18.98 Kb/s £37.97 Kb/s l7 l8 19 20 21 23 35 27 29 
>9.492 Kb/s £18.98 Kb/s 18 19 20 21 22 24 26 28 30 
>4.746 Kb/s §9.492 Kb/s 19 20 21 22 23 25 27 29 31 

>0i §4.746 Kb/s 20 21 22 23 24 26 28 30 32+ 
Bound for Relative Jitter :2 §4 §8 E16 §32 § 128 2512 §2048 §s192 

(lnterarrival Periods) 
{ Note: No Jitter Spec can be guaranteed for the lowest BW range. 

Burstiness levels B1232, BI§128, B15512, and 
BI§2048 were omitted for table brevity; however they TABLE 7-continued 
can be. cash’ COmPPtFd- Table 6 is not u_sed t9 determme Number of Uni?ed Spectrum Priorities and Resulting Jitter 
the priority level, it is shown only to visualize how ‘the 25 Number of Bwmgh Rm‘ Worst Case Relative Jitter 
burstiness affects the priority level assigned to statistical pn-omy '—Bwuw 1° (Inmamval periods) 
calls. In practice, only the CBR column and the band- Levels within 1 Band CBR Statistical 
width ranges are required; however they are computed w L00 é LOO gm 
from priority 1 to priority 32. For statistical VCs, the 
ratio BwAvg/BI is used and the result is looked up in the _ , 
CBR column Table 6 has 32 priority levels that will 30 It is to be understood that the above-described em 
allow the fabric to handle traffic from CBR at 2488 bodiments are merely illustrative of the principles of the 
Gb/s to 4.7 Kb/s with BI=4096. A bound for the rela- invemm and that many variatims may be devisgd by 
tive jitter can be absolutely guaranteed for any VC, those Skllled "1 the an vflltholltdepartmg from the spirit 
CBR or statistical. The bound for the relative jitter on and 560p? of the mvFmmn' It ‘5 ?hérefm Intended that 
statistical VCs is determined only by its burstiness, not 35 such vanatlons be Included wlthm the Scope of the: 
by its bandwidth, and the same relative jitter bound clalms'_ 
applies for all bandwidth ranges except for priority I clam‘: _ _ , _ 
level=32. _By specifying burstiness, maximum relative 1- In a swltcmflg system servmg a Plurahty of users’ a 
jitter can be guaranteed for an application and hardware memo‘? _°°mpnsmg _ 
designed appropriately‘ , 4O receivmg one or more parameters concerning the 

Looser or tighter bounds for the relative jitter can be traf?c expected on a can itmm a ?rst one of sald 
realized by using different numbers of priority levels. users, t? a s_ec°nd 0P8 of Sm‘! users’ and _ 
This is Shown in Table 7_ For comparison’ BWIF’ and transm1tting 1nformat1on to said second user during 
131M“ have been held constant at 2.488 Gb/s and 4096 881d cell based 0" 531d wecteqfmf?c Parameters 
respectively, such that 32 priority levels gives a 45 and _wlth_ less than_ almaxlmumlltter’ 
BwHigh/BWLow= 2.0, which matches the priority bands where“) ,Sald "arfsmlmng compns‘f's 
in Table 6. In Table 7, the number of priority levels is determmmg a pnorfty based 0“ 531d expected traf?c 
varied and corresponding bounds on the Relative Jitter parafn?iters f_°r_Sa1d can} and _ 
are given. transmitting said information to said second user dur 

50 ing said call based on said priority and with less 
TABLE 7 than said maximum jitter, 

Number of Uni?ed Spectrum Priorities and Resulting Jitter wherein said call is a statistical call, said expected 
Number of BwHigh Ratio WorstCase Relative Jitter traf?c parameters include an average bandwidth 
Priority BwLow (lnteran'ival Periods) parameter, BWAvg, and a burstiness index, BI, and 
LWCIS “min 1 Band CBR smlsncal 55 said priority is determined based on BwAyg and BI. 

1 4.3 E9 4.3 E9 4.3 E9'BI 2. A method in accordance with claim 1 wherein said 

2 11522265 <i6255526 532553;? priority is determined based on a ratio, BiNAvg/BI. 
4 256'0 =5 256'0 = 5256,31 3. In a switching system serving a plurality of users, a 
6 4013 2403 50.931 method comprising 
8 16.0 §l6.0 §16'BI 60 receiving one or more parameters concerning the 
12 6-35 56-35 §6-<35:g1 traffic expected on a call from a ?rst one of said 
58 3'32 2%‘; 53:02,}; users to a second one of said users, and 
24 252 £152 £23233] transmitting information to said second user during 
28 2.21 2.21 §2.l.'Bl said call based on said expected traffic parameters 
32 10° 52-00 < §2:B1 65 and with less than a maximum jitter, 
2i :3? :13? Zigzag; wherein said transmitting comprises 
96 1:26 gm £122,951 determining a priority based on said expected traf?c 
128 1.19 21.19 §1.l9'BI arameters for said call, and P 



5,287,347 
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transmitting said information to said second user dur 
ing said call based on said priority and with less 
than said maximum jitter, 

wherein said determining comprises 
selecting said priority from a priority table where 
some statistical calls are given higher priority than 
some constant bit rate calls. 

4. In a switching system serving a plurality of users, a 
method comprising 

receiving one or more parameters concerning the 
traf?c expected on a call from a ?rst one of said 
users to a second one of said users, and 

transmitting information to said second user during 
said call based on said expected traf?c parameters 
and with less than a maximum jitter, 

wherein said transmitting comprises 
determining a priority based on said expected traf?c 

parameters for said call, and 
transmitting said information to said second user dur 

ing said call based on said priority and with less 
than said maximum jitter, 

wherein said determining comprises 
selecting said priority from a priority table having a 
number, P, of priority bands and having a maxi 
mum bandwidth, BWHigh, and a minimum band 
width, BWLW, speci?ed for each of said bands, 

wherein said call is a statistical call, said expected 
traf?c parameters include an average bandwidth 
parameter, BWAyg, and a burstiness index, BI, and 
said selecting comprises 

determining the one of said bands including BWAVg. 
/BI. 

5. In a switching system serving a plurality of users, a 
method comprising 

receiving one or more parameters concerning the 
traf?c expected on a call from a ?rst one of said 
users to a second one of said users, and 

transmitting information to said second user during 
said call based on said expected traf?c parameters 
and with less than a maximum jitter, 

wherein said transmitting comprises 
determining a priority based on said expected traf?c 

parameters for said call, and 
transmitting said information to said second user dur— 

ing said call based on said priority and with less 
than said maximum jitter, 

wherein said determining comprises 
selecting said priority from a priority table having a 
number, P, of priority bands and having a maxi 
mum bandwidth, BWHigh, and a minimum band 
width, BWLW, speci?ed for each of said bands, 

wherein the ratio BWmgh/BWLW is a constant for 
each of said bands. 

6. A method in accordance with claim 5 wherein said 
maximum jitter is a worst case relative jitter. 

7. A method in accordance with claim 6 wherein said 
call is a constant bit rate call comprising ?xed length 

' cells and said worst case relative jitter, in intercell ar 
rival periods, is given by said constant ratio, 
BwHigh/BwLow 

8. A method in accordance with claim 6 wherein said 
call is a statistical call comprising ?xed length cells, said 
expected traf?c parameters include a burstiness index, 
BI, and said worst case relative jitter, in intercell arrival 
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periods, is given by the product of BI and said constant 
ratio, BWHigh/BWLW. 

9. A method in accordance with claim 6 wherein said 
priority table is used for constant bit rate calls only and 
may include one additional priority band below said P 
priority bands, and with P and BWHiEh/BWLW satisfy 
ing a relationship (BWHigh/BWLOW) :BWjF/BWMim 
where BWIF and BWMi” are the maximum and mini 
mum bandwidths between each of said users and said 
switching system. 

10. A method in accordance with claim 6 wherein 
said priority table is used for both constant bit rate calls 
and statistical calls and may include one additional pri 
ority band below said P priority bands, and with P and 
BWmgh/BWLW satisfying a relationship (BwHigh/B“ 
WLow)P=Bw1F'BIMax/BWM,',1, where BWIF and 
BWMin are the maximum and minimum bandwidths and 
BIM“ is the maximum burstiness between each of said 
users and said switching system. 

11. In a switching system serving a plurality of users, 
a method comprising 

receiving one or more parameters concerning the 

traf?c expected on a call from said ?rst user to second one of said users, 

determining a priority based on said expected traffic 
parameters, and 

transmitting information to said second user during 
said call based on said priority, 

wherein said call is a statistical call, said expected 
traffic parameters include an average bandwidth 
parameter, BWAvg, and a burstiness index, BI, and 
said priority is determined based on BWAvg and El. 

12. A method in accordance with claim 11 wherein 
said priority is determined based on a ratio, BWAvg/El. 

13. In a switching system serving a plurality of users, 
a method comprising 

receiving one or more parameters concerning the 
traf?c expected on a call from said ?rst user to a. 
second one of said users, 

determining a priority based on said expected traffic 
parameters, and 

transmitting information to said second user during 
said call based on said priority, 

wherein said determining comprises 
selecting said priority from a priority table where 
some statistical calls are given higher priority than 
some constant bit rate calls. 

14. A switching system serving a plurality of users 
comprising 
means for receiving one or more parameters concern 

ing the traffic expected on a call from a ?rst one of 
said users to a second one of said users, and 

means for transmitting information to said second 
user during said call based on said expected traftic 
parameters and with less than a maximum jitter, 

wherein said transmitting means comprises 
means for determining a priority based on said ex 

pected traf?c parameters for said call, and 
means for transmitting said information to said sec~ 
end user during said call based on said priority and 
with less than said maximum jitter, 

wherein said determining means comprises means for 
selecting said priority from a priority table where 
some statistical calls are given higher priority than 
some constant bit rate calls, 

# i * t 1 


